Research has issued a statement supporting home birth as a viable choice for women with uncomplicated pregnancies. 15 In this study, we ascertained outcomes of all planned home births attended by registered midwives in an entire health region with a single-payer universal health care system. We compared them with the outcomes of all planned hospital births that met the criteria for home birth and were attended by the same cohort of midwives. We also compared the outcomes of a matched sample of women of similar risk status who planned to deliver in hospital with a physician in attendance.
Methods

Setting
The study was conducted in British Columbia, a province in Canada with a population of more than 4.4 million. Midwives are registered by the College of Midwives of British Columbia if they have a baccalaureate degree in midwifery from a Canadian university. If they trained outside of Canada, they are registered by the college after passing written, oral and practicebased exams. Registered midwives are mandated to offer women the choice to deliver in hospital or at home if they meet the eligibility criteria for home birth defined by the college (Box 1). Midwifery care is funded by the provincial Ministry of Health and is accessible to all women in the province who meet the standards for low obstetric risk (Box 1).
Study population
In the study group, we included all births in British Columbia between Jan. 1, 2000, and Dec. 31, 2004 , that were planned to take place at the woman's home at the onset of labour. Membership in the study group was ascertained in part from the provincial Perinatal Database Registry, which captures all births in the province and is cross-referenced with the Department of Vital Statistics. Maternity care is documented on standardized forms issued by the province's Perinatal Health Program. The eligibility requirements for home birth mandated by the provincial College of Midwives are provided in Box 1.
Because our goal was to better inform childbearing women and their caregivers of the potential consequences of home birth, we chose to study the planned rather than the actual place of birth. The planned place of birth at the onset of labour is documented for every birth on rosters submitted to the College of Midwives by the primary midwife at 8 weeks postpartum. This information is matched to registry data by use of unique personal health numbers.
We did not exclude planned home births during which the fetal presentation was determined to be breech after the onset of labour. We also did not exclude women who had had 1 previous cesarean birth, because these women are eligible for home birth under current standards of practice. 16 Vaginal birth after a cesarean section is known to carry additional risk to mother and newborn. 17 Accordingly, our comparison groups did not include women who had had a prior cesarean birth. In a subgroup analysis, we restricted the home-birth group to women who had no prior cesarean delivery.
In a second subgroup analysis, we included only women whose labour was spontaneous. We did this to exclude women who may have had a home birth after a successful outpatient induction of labour with intravaginal prostaglandins or amniotomy.
We had 2 comparison groups of planned hospital births. The first comprised all births during the study period to women who planned to give birth in hospital with a registered midwife in attendance. We selected births for this group from the Perinatal Database Registry if a midwife was in attendance during labour and the rosters of the College of Midwives indicated that the birth was planned to be in hospital. We further restricted the group to women who met the eligibility criteria for home birth. The midwives who conducted hospital births were the same cohort of midwives who conducted home births. This group, therefore, allows for comparison of birth outcomes attributable to planned place of birth unconfounded by type of caregiver.
Our second comparison group comprised all births during the study group to women who planned to give birth in hospital with a physician in attendance. Given that midwives attend only 6% of births in British Columbia, the majority of women who choose hospital birth plan to have a physician attendant. 18 There are no physician-attended home births, because such attendance is outside the scope of practice of physicians. We matched physician-attended births that met the eligibility criteria for home birth individually to each home birth on a 2:1 ratio. Parameters were year of birth, parity (primiparous v. multiparous), single parent (yes v. no), maternal age (< 15, 15-19, 20-24, 25-29, 30-34 or > 35 years) and the hospital where the midwife conducting the index home birth had hospital privileges. To control as much as possible for variables such as urban versus rural setting, size of hospital and predominance of ethnic groups, we restricted physician-attended births to those in hospitals where midwives held privileges. For each home birth, we randomly selected a comparison case from the eligible matches.
For all women included in the study, we collected data on their age, height, weight before pregnancy, body mass index, 
Outcome measures
Our primary outcome measure was the rate of perinatal death, defined as stillbirth after 20 weeks' gestation or death in the first 7 days of life. We projected 2750 home births for analysis over the study period and therefore planned to have 92% power to estimate perinatal death rates within 3 births per 1000 with 95% confidence. 19 Our secondary outcome measures were obstetric interventions and adverse neonatal and maternal outcomes. We derived neonatal outcomes using data obtained from the Perinatal Database Registry. Validation studies have re corded accuracy rates of 97% over all data fields for this database. 20 The rate of missing data is less than 0.01%. 20 The registry links outcomes for infants transferred from a birth hospital to referring hospitals up to the final discharge home or to 1 year of age, whichever is shorter. Linked outcomes for newborns readmitted to any hospital up to 28 days of age are included. In addition, the registry contains standard procedural and diagnostic codes of the International Statistical Classification of Diseases and Related Health Problems, 10th revision (ICD-10), abstracted from patient records after discharge.
Our study was approved by the University of British Columbia Clinical Ethics Research Board.
Statistical analysis
We calculated relative risks for outcomes analyzed within cohorts related to the planned birth setting and caregiver and not where the birth actually occurred. We weighted relative risks when adjustment altered the summary relative risk by at least 10%. 21
Results
During the 5-year study period, 2899 women attended by a registered midwife began labour with the intention of giving birth at home; 4752 who met the eligibility criteria for planned home birth began labour with the intention of giving birth in hospital. Our physician-attended cohort comprised 5331 women. We excluded women who required oxytocin for induction of labour after the 2:1 matching with our study group, because we learned during the study that the policy with respect to the use of oxytocin for induction of labour was outside the scope of practice for midwives and family physicians in some hospitals.
Compared with women who planned a midwife-attended hospital birth, those who planned a home birth were less likely to be single parents or to be nulliparous (Table 1) .
Perinatal mortality
The rate of perinatal death per 1000 births was very low and comparable in all 3 groups: it was 0.35 (95% confidence interval [CI] 0.00-1.03) among the planned home births, 0.57 (95% CI 0.00-1.43) among the planned hospital births attended by a midwife and 0.64 (95% CI 0.00-1.56) among the planned hospital births attended by a physician. There were no deaths between 8 and 28 days of life.
Obstetric interventions
Of the women who planned to give birth at home, 2285 (78.8%) did so. Of those who planned a hospital birth with a midwife in attendance, 4604 (96.9%) did so.
The frequency of obstetric interventions and their indications are listed in Table 2 . Compared with women who planned a hospital birth with a midwife or physician in attendance, those who planned a home birth were significantly less likely to experience any of the obstetric interventions we assessed, including electronic fetal monitoring, augmentation of labour, assisted vaginal delivery, cesarean delivery and episiotomy ( Table 3) .
Adverse maternal and neonatal outcomes
Adverse maternal outcomes were rare in all 3 groups (Table  2) . Compared with women who planned a hospital birth with a midwife in attendance, those who planned a home birth were significantly less likely to have a third-or fourth-degree perineal tear (adjusted relative risk [RR] 0.43, 95% CI 0.29-0.63), postpartum hemorrhage (RR 0.62, 95% CI 0.49-0.77) or pyrexia (RR 0.45, 95% CI 0.29-0.76) ( Table 3 ). The rate of infection overall, although lower in the home-birth group, did not differ significantly between these 2 groups (RR 0.39 (0.13-1.14). The risk of all adverse maternal outcomes assessed was significantly lower among the women who planned a home birth than among those who planned a physician-attended hospital birth (Table 3) .
Compared with women who planned a midwife-attended hospital birth, those who planned a home birth were less likely to have a newborn who had birth trauma (RR 0.26, 95% CI 0.11-0.58), required resuscitation at birth (RR 0.23, 95% CI 0.14-0.37) or required oxygen therapy beyond 24 hours (RR 0.37, 95% CI 0.24-0.59) ( Table 4 ; see also Appendix 1, available at www .cmaj .ca /cgi /content /full /cmaj.081869/DC2).
When compared with newborns of women who planned a hospital birth attended by a physician, those whose mothers planned a home birth were similarly at reduced risk of birth trauma (RR 0.33, 95% CI 0.15-0.74), resuscitation at birth (RR 0.56, 95% CI 0.32-0.96) and oxygen therapy behond 24 hours (RR 0.38, 95% CI 0.24-0.61) ( Table 4 , Appendix 1). In addition, they were less likely to have meconium aspiration (RR 0.45, 95% CI 0.21-0.93) and more likely to be admitted to hospital or readmitted if born in hospital (RR 1.39, 95% CI 1.09-1.85).
We observed no significant differences between the homebirth group and either comparison group with respect to a 5-minute Apgar score of less than 7, a diagnosis of asphyxia at birth, seizures, or the need for assisted ventilation beyond the first 24 hours of life.
When we excluded the 88 women who had a previous cesarean delivery from the home-birth cohort in the subgroup analysis, the relative risks of obstetric interventions and adverse maternal and neonatal outcomes did not change Research substantively and did not alter any of our conclusions. In the subgroup analysis in which we excluded women whose labour was induced by outpatient administration of prostaglandins, amniotomy or both (118 [4.1%] of women in the home-birth group, 344 [7.2%] of those who planned a midwife-attended hospital birth and 778 [14. 6%] of those who planned a physician-attended hospital birth), the relative risks of obstetric interventions and adverse maternal and neonatal outcomes did not change significantly. When we restricted the home-birth group to women who actually gave birth at home, the rates of adverse maternal and newborn outcomes did not differ significantly from those among all planned home births. There were no perinatal deaths among births that took place at home.
Interpretation
The decision to plan a birth attended by a registered midwife at home versus in hospital was associated with very low and comparable rates of perinatal death. Women who planned a home birth were at reduced risk of all obstetric interventions assessed and were at similar or reduced risk of adverse maternal outcomes compared with women who planned to give birth in hospital accompanied by a midwife or physician. Newborns whose mothers planned a home birth were at similar or reduced risk of fetal and neonatal morbidity compared with newborns whose mothers planned a hospital birth, except for admission to hospital (or readmission if born in hospital), which was more likely compared with newborns whose mothers were in the physician-attended cohort. The single most important reason for readmission of neonates to hospital in North America is hyperbilirubinemia. 22 Close to 40% of newborns with hyperbilirubinemia born in hospital can be identified and treated before discharge. 23 Therefore, the higher rate of admission (or readmission if a hospital birth) among newborns in the planned home-birth group than of readmission in the planned hospital-birth group may have been linked to the need for treatment of hyper-bilirubinemia, which, among babies born in hospital, may require a longer stay in hospital rather than readmission.
Strengths and limitations
Our study has many strengths. Because both home and hospital births were attended by the same cohort of midwives, we were able to conduct a true comparison of planned place of birth unconfounded by type of caregiver. Our study adds to the body of large cohort studies of planned home births that have reported on the relative safety of home versus hospital birth. [3] [4] [5] [6] 10 Complete ascertainment of outcomes of all home births in a large population and the ability to attribute outcomes to place of birth rather than type of caregiver should extend this literature. It should add confidence to the safety of home birth in a context such as ours in which registered midwives have a baccalaureate degree or equivalent and are an integral part of the health care system. Our findings do not extend to settings where midwives do not have extensive academic and clinical training. 24 Our study has limitations. Aspects of care in the home environment that reduce the risk of obstetric interventions during labour are poorly understood. [25] [26] [27] We cannot exclude the possibility that differences in findings between the groups were attributable to unmeasured characteristics of the women who chose home birth. Although our study cohorts were closely matched on prognostic variables, we do not underestimate the degree of self-selection that takes place in a population of women choosing home birth. This self-selection may be an important component of risk management for home birth and in that context is a desirable facet of study design. Our data indicate that screening for eligibility by registered midwives can safely support a policy of choice of birth setting.
Our study is further limited by postpartum documentation of planned place of birth among midwifery clients. Bias introduced by misclassification of planned place of birth would not have changed our conclusions. In the worst-case scenario, if all perinatal deaths attributed to planned hospital birth in the midwifery comparison group had actually been planned home births, our perinatal death rate of 4 per 2882 live and stillbirths would have been 1.4 per 1000 in the home-birth group. The difference between midwifery groups would not have been significant, and the rate of perinatal death in the planned home-birth group would still have been very low.
Conclusion
Our study showed that planned home birth attended by a registered midwife was associated with very low and comparable rates of perinatal death and reduced rates of obstetric interventions and adverse maternal outcomes compared with planned hospital birth attended by a midwife or physician. Our population rate of less than 1 perinatal death per 1000 births may serve as a benchmark to other jurisdictions as they evaluate their home-birth programs. This article has been peer reviewed.
